M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT

M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
INTRODUCTION 59
Human influence on the climate system is clear (IPCC, 2013) . In response, the 60 United Nations Framework Convention on Climate Change has developed 61 various initiatives, promoting the creation of national greenhouse gas (GHG) 62 inventories. However, these inventories are built on the premise described by 63 IPCC (1996) , including only domestic GHG emissions. Within this framework 64 several countries have reduced domestic emissions, although world GHG 65 emissions continue to grow (Peters et al., 2013) . This emphasis on solely 66 domestic emissions is proving ineffective, and particularly in the new context of 67 free-trade agreements. 68
New schemes based on emissions embedded in imports are therefore needed 69 to implement all the available strategies. In this context, the concept of carbon 70 footprint (CF) has been used to express consumption-based emissions from a 71 territorial point of view (Davis and Caldeira, 2010). Demand for low CF may be 72 a key factor in stimulating innovation while prompting politicians to promote 73 sustainable consumption. The CF indicator now span several scales, allowing 74 the analysis of everyday consumer products through to business, households, 75 cities, counties and countries (Minx et al., 2009; Peters, 2010) . 76 there is a need of studies that include a complete assessment of the CF 85
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indicator from a strategic management perspective. 86
Strategic management tools should be considered as a means of objectively 87 devising guidelines for improving the CF indicator, as they offer a competitive 88 and adapted methodology to elaborate strategies. A wide range of strategic 89 management tools have been developed to assist in compiling these intelligent 90 strategies (Rao et al., 2009 ), including the Strengths-Weaknesses-91
Opportunities-Threats -or SWOT-analysis, a widely-used tool for achieving 92 both a systematic approach and support for decision making (Kessler, 2013) . 93
The carbon footprint 94
Sustainable development indicators are needed to provide a solid basis for 95 decision-making (Čučeka et al., 2012) . The CF is a sustainable development 96 indicator which has emerged in the last few years as a general description of 97 the GHG emissions produced by human activities (Wiedmann, 2009 (Fang et al., 2014) . The CF is worth highlighting among these 106 indicators due to its widespread implementation (Jensen, 2012; Peters, 2010; 107 Wiedmann and Minx, 2008) . Since a footprint is a quantitative measure which 108 describes the appropriation of natural resources by humans, in the EF context, 109 the CF represents the land area required to sequester the CO 2 emissions from 110 fossil fuel combustion (Čučeka et al., 2012) . This land-based definition of the 111 CF is not the most used by researchers, the media and the public in general 112 nowadays. From a business perspective, it is stated that the CF collects the 113 GHG emissions caused by organizations or the production of goods and 114 services. Although there still exist different definitions of the concept (see Table  115 1), the CF is usually understood as the full amount of GHG emissions that are 116 caused by an activity (Wiedmann, 2009 Some authors suggest the use of performance-importance matrix which allows 207 to make a ranking with some aspect of the SWOT analysis in order to clarify 208 some relevant aspects and also to make comparative (Pickton and Wright, 209 1998) . The SWOT analysis of the CF indicator could be used to make strategic 210 decisions based in a product and organization footprinting, and opens new 211 opportunities to merge environmental evaluation and strategic business 212 analysis (Viaggi, 2013) . Therefore, the SWOT analysis allows to focus on key 213 questions for the development of the CF indicator by comparing strengths and 214
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weaknesses and opportunities and threats, making easier the proposal of 215 recommendations to cope with threats and weaknesses. 216
Goal and scope 217
The quantity of literature on the CF indicator produced in recent years makes 218 difficult to collect and analyze all the available information about this indicator. 219
The dispersion of information and the wide number of methodological 220 approaches and topics under analysis can be an obstacle to elaborate 221 efficacious proposals for improving the CF analysis. 222
Strategic management tools such as SWOT analysis can be mean to collect 223 and analyze information in order to objectively devising recommendations for 224 achieving a specific purpose. The current study aims to contribute to achieve a 225 more consistent approach of footprint analysis by providing solidly-based 226 recommendations for researchers, policymakers and practitioners that help to 227 the global implementation of the indicator. At this moment, to the best of our 228 knowledge, no studies using SWOT analysis of the CF indicator can be 229 identified in the literature. 230
METHOD 231
The SWOT analysis has been developed following the Delphi technique 232 principles. The Delphi technique is a structured process that uses a series of 233 questionnaires (also referred as rounds) with controlled opinion feedback in 234 order to gain consensus of opinion of a group of experts (Gupta and Clarke,  235 1996; Pätäri and Sinkkonen, 2014). Consensus of opinion is achieved through 236 multiple iterations between the experts (Hsu and Sandford, 2007) . 237
This technique has been used in different contexts such as business, industry, 238 planning, education, environment, policy analysis or health care research 239 (Gupta and Clarke, 1996) , being helpful in situations where individual 240 judgements must be combined to achieve agreement on a particular issue. of the problem, and available resources in terms of time and money, existing in 260 the literature a wide variation in the number of members (Powell, 2003) . 261
More than selecting a sample of experts which statistical representativeness 262 from a specific population, the Delphi approach should focus on the qualities of 263 the expert panel. Hence, the sample of participants can be selected considering 264 some predetermined criterion of importance (Hasson et al., 2000) . 265
Delphi users have suggested that the results depend on the experiential 266 knowledge of the expert panel and scientific expertise is a desired quality to 267 increase the credibility with the target audience (Powell, 2003 (Carbonfeel, 2015) . 280
In order to be a member of the expert panel, Carbonfeel members should meet 281 the following requirements: 1) four years of experience in the CF field, as 282 scientific researchers or consultancy advisors; 2) participating in at least five 283 scientific publications on the CF in the last five years; 3) having a Phd title. 284
These requirements were stablished trying to ensure that the members had 285 enough expertise in the CF analysis and knowledge of the CF indicator and 286 literature. 287
Only four members of the project met these requirements and they all accepted 288 to participate in the study. These include one person with economics 289 background, one with business management background and two engineers. 290
Two of them had attended to at least one Carbonfeel workshop on CF analysis 291 before joining the panel. Questions with regard to SWOT analysis of the CF 292 were discussed in these workshops by all the participants. 293
Although a four member panel is a short panel in the Delphi studies context, we 294 did not consider the inclusion of additional members, in order to ensure that the 295 members had enough expertise in the CF analysis. Advantages in terms of 296 required time and resources were considered to keep the initial panel size. 297 1 Researchers have suggested that consensus involves levels of agreement between 51% and 80% (Hasson et al., 2000) . The required level of agreement in this study is 75%.
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Moreover, it is noted that there is little empirical evidence on the effect of the 298 size of the panel on the reliability of the consensus process (Murphy et al., 299 1998) . 300
The following lines describe the Delphi approach followed in the present study. 301
First, the members of the panel were told about the characteristics and 302 objectives of the study. Then, they were introduced in the SWOT analysis, 303 receiving general information to understand the differences between strengths, 304 weaknesses, threats and opportunities. 305
Second, the participants were asked to think about the main strengths, 306
weaknesses, threats and opportunities of the CF indicator. This first round was 307 structured allowing participants complete freedom in their responses. 308
The answers of the first round were summarized and sent back to all the 309 members of the panel. Then, every expert sent a new list. In this stage, some 310 participants showed disagreement with regard to one of the initial strengths 311 pointed out by an expert, which was finally removed, since there was not 312 consensus about its inclusion. Furthermore, one of the initial weaknesses was 313 considered a threat by the majority of experts. 314
Once these considerations were taken into account, the answers were sent 315 again to all the participants. In the third round, two experts suggested two new 316 strengths, one opportunity and three weaknesses. The answers were sent 317 again to all the participants and the final list was obtained in the fourth round. 318
RESULTS 319
Figure 1 below shows the summary diagram of the strengths, weaknesses, 320 opportunities and threats presented below. 321
[ Figure 1 here] 322
Strengths 323
The CF indicator's considerable strengths derive from the fact that it is easy to 324 understand (based on physical units which do not require specific knowledge); 325 globally communicable (widely disseminated in all the mass media); of global 326 interest (climate change affects everybody without exclusion); broadly 327 applicable (valid for the eco-label of all types of activities); and easy to 328 implement for specific and effective strategies (impacts are measured in 329 quantitative units) (Carballo-Penela, 2010; Roca and Searcy, 2012). 330
Since over 75% of GHG emissions can be attributed directly or indirectly to 331 consumers (Heal, 2011) , strategies based on consumer demand are seen as 332 being most effective for mitigating climate change (Murray, 2010) . This 333 efficiency is based on the so-called multiplier effect that transmits the demand 334 for a low CF to all the links in the supply and value chains (Caldés et al., 2009; 335 Carbonfeel, 2013) . 336
Mitigation strategies based on the use of the CF indicator are highly efficient in 337 terms of cost reduction. This is due the multiplier effect described above, and to 338 the fact that (1) changes in consumption patterns and production processes 339 tend to persist over time (Carbonfeel, 2013) ; and (2) the analysis of the 340 M A N U S C R I P T A C C E P T E D 
2008). 369
The different ways of dealing with CF and LCA issues such as: 1) the scope of 370 considered emissions; 2) how to specify cut-off criteria; 3) the system 371 boundaries; 4) the inclusion of offsetting; 5) how to define end-of life scenarios; 372 6) the allocation of coproducts; 7) how to deal with carbon storage and carbon 373 sequestration; 8) the consideration of capital goods or 9) the inclusion of 374 emissions from land use change, increases the differences between the existing 375 CF methodologies (Finkbeiner, 2009 ). 376
The CF indicator considers climate change as a single impact category. This 377 restrictive environmental assessment (which does not consider resource 378 
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audience and to make the companies and consumers more aware about the 418 global warming problem (Finkbeiner, 2009; Jensen, 2012) . 419
If the companies and products CF calculations are audited by independent 420 agencies, this will allow the CF indicator to be a cost-effective measure to deal 421 with some mistrusts about the underestimation of the emissions (McKinnon,  422 2010). 423
The proposal made by some governments about compulsory personal annual 424 carbon amount of CO 2 allowance to emit, makes necessary a personal carbon 425 trade market. The CF indicator could be a helpful tool to achieve this goal 426 (McKinnon, 2010) . 427
Threats 428
System boundaries are often among the greatest threats in CF quantification. In 429 product CF, the commonly-used PA requires the participation of all the 430 elements involved in the product life-cycle. (acidification,  500 human toxicity, etc.) would be characterized in tones of CO 2 equivalents. 501
System boundaries and thresholds which do not vary subjectively according to 502 the analysts' criteria can be implemented through two strategies: (1) IOA and (2) 503 objective cut-off rules. Recent European research programmes have led to 504 important advances in IOA, which includes high detailed multi-regional 505 databases (Wood et al., 2015 enabling comparability and gaining consumer confidence, it is important to 531 design a single valid approach for both product and corporate CF (including 532 events, services, territory, etc.). 533
The existence of an integrated approach valid for both product and corporate 534 footprint could help to deal with some weaknesses and strengths of the 535 indicator. This approach combines both product and corporate CF methods. 536
First, it calculates an in-depth corporate CF, and then distributes it among the 537 processes of the products and services dispatched to the market. Process 538 mapping is used to allocate the correct weight of each product and service. 539
Under the integrated approach, the accumulated product CF from products and 540 services dispatched by a corporate entity is equal to the corporate CF. This is 541 considered a key point in dealing with the lack of convergence between product 542 and corporate CF. In addition, the integrated approach may solve the risk of 543 system boundary incompleteness, since corporate CF clearly defines 544 boundaries and thresholds avoiding subjectivity of analysts' criteria. 545 M A N U S C R I P T
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The guidelines for this approach should take into account the consensus 546 already achieved in the technical specification ISO/TS 14067 and technical 547 report ISO/TR 14069. Figure 2 shows the relation between both standards in 548 order to develop a single methodological framework with which to implement 549 the integrated approach and to allow the application of the CF indicator under a 550 single approach valid for both product and corporate CF. 551
[ Figure 2 here] 552
The implementation of the integrated approach must clearly define the specific 553 inventories to be quantified. 
CONCLUSIONS 582
The current knowledge of the CF indicator must be assessed from a strategic 583 point of view. The divergence between product and corporate CF and the 584 different techniques used to quantify life-cycle emissions hinder its successful 585 and global implementation. The SWOT analysis allows this assessment and 586 pays particular attention to internal and external factors that can be used to 587
propose recommendations for its standard implementation. Our analysis 588 highlights the need for studies under the four recommendations described, 589 M A N U S C R I P T
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which could lead to the successful global implementation of the CF indicator 590 based on principles of consistency, relevance and comparability. 591
The proposed recommendations highlight the need to promote the integrated 592 method as a single approach to CF. This key recommendation can help to solve 593 some of some the threats and weaknesses observed, while reinforcing the 594 strengths and opportunities. The proposed approach for CF also meets the 595 requirements outlined in the leading standards recently published for CF under 596 ISO (2013a, 2013b). These recommendations can therefore serve to pave the 597 way for the development of new, specific and highly-detailed guidelines. 598
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